A one-step synthesis of [1, 6] naphthyridine-2(1H)-thione (3a), pyrano [3,4-b]pyridine-2(1H)-thione (3b), thiopyrano [3,4-b]pyridine-2(1H)-thione (3c) and 6-oxoquinoline-2(1H)-thione (3d) through the reaction of benzylidene-cyanothioacetamide (1) with cyclic ketones 2a -d is described. The reaction of 3a -d with organyl chlorides yielded the 2-alkylthio-3-cyanopyridines 4a -p which upon refluxing in ethanolic sodium ethoxide afforded the thieno [2,3-b]pyridine derivatives 5a -n. Some of the synthesized compounds were screened for the activity against bacteria and fungi.
Introduction
The synthesis of various derivatives of heterocyclic compounds including the 1,6-naphthyridine moiety has been reported in relation with their pharmaceutical activity [1 -7] . Several 1,6-naphthyridines have general antibacterial activity [8] and curative power in cardiac insufficiencies and infarction [9] . Many 1,6-naphthyridine compounds display excellent anticonvulsant activity [10] , and a novel class of macrocyclic 1,6-naphthyridines are anti-human cytomegalovirus (HCMV) inhibitors [11] . Derivatives bearing other substituents can exhibit potent antitumor activity, viz. topoisomerase I-targeting anticancer activity [12] , and act as potent inhibitors of spleen tyrosine kinase (SYK) [13] . Also, they have been used as antiviral agents inhibiting both the strand transfer process of HIV-1 integrase and the viral replication in cells [14, 15] .
The bronchodilator drug benafentrine has been developed based on 1,6-naphthyridine derivatives, which are phosphodiesterase III/V inhibitors [16] . Prompted by the important medicinal applications of naphthyridines and also as continuation of our work for the use
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Results and Discussion Synthesis
The reaction of benzylidene cyanothioacetamide (1) with cyclic ketones 2a -d in ethanol containing a few drops of piperidine afforded the condensed 3-cyanopyridine-2(1H)-thiones 3a -d in 38 -55 % yield (Scheme 1). The structure assigned for 3a -d was established on the basis of elemental analysis and spectral data. Thus, the IR spectrum of compound 3a revealed bands at 3480 cm −1 (N-H vibration), 2220 cm −1 (C≡N) and 1260 cm −1 (C=S). The 1 H NMR spectrum showed a singlet at δ = 2.37 ppm for N-CH 3 , two triplet signals at 2.68 and 2.87 ppm for two CH 2 , a singlet at 3.1 ppm for N-CH 2 and a singlet at 12.9 ppm for NH groups (the latter exchangeable with D 2 O) in addition to the signals for aromatic protons. 4 A series of S-alkylated derivatives 4a -p, containing an active methylene group attached to the S atom, could be obtained via the interaction of 3a -d with a variety of organyl chlorides in ethanol in presence of anhydrous sodium acetate (Scheme 2). Compounds 4a -p undergo Thorpe-Ziegler cyclization when exposed to ethanolic sodium ethoxide, leading to the corresponding thieno-annulated heterocycles 5a -n. The conversion of 4 to 5 was confirmed by the IR spectra of the cyclized products which revealed the disappearance of the cyano group absorption and the appearance of bands attributed to an NH 2 group.
Hydrazinolysis of amino ester 5e with hydrazine hydrate in absolute ethanol afforded the corresponding carbohydrazide derivative 6, which in turn was used as a precursor intermediate to produce other fused heterocyclic compounds (Scheme 3). Condensation of carbohydrazide 6 with aromatic aldehydes in refluxing ethanol yielded the corresponding carbohydrazone derivatives 7a,b while its reaction with acetic anhydride afforded the diacetylaminopyrimidothienonaphthyridine derivative 8. Refluxing of 6 with carbon disulfide in pyridine yielded the oxadiazolyl derivative 9, which in turn was easily alkylated with ethyl chloroac- Scheme 4. etate in ethanol in the presence of sodium acetate to give the S-alkylated derivative 10.
According to known examples of cyclization with ortho-amino-arenecarboxylic acid derivatives, o-aminothiophenecarboxamide 5h was used to build up several pyrimidothienonaphthyridines (Scheme 4). Thus, reaction of 5h with acetic anhydride afforded the pyrimidine compound 11 which upon refluxing with phosphorus oxychloride gave the corresponding 4-chloro derivative 12. Another pyrimidine derivative 13 was obtained through the reaction of 5h with carbon disulfide in pyridine. Compound 13 was reacted with phenacyl bromide or p-methoxy-chloroacetanilide to give compounds 14a and 14b, respectively. Also, the reaction of 5h with triethyl orthoformate in the presence of a catalytic amount of acetic acid led to the formation of the pyrimidothieno [2,3- 
Biological activity
Some of the synthesized compounds were screened for their in vitro antimicrobial activity against four strains of bacteria (Bacillus cereus, Escherichia coli, Serratia marcescens and Staphylococcus aureus, reference is chloramphenicol) and six fungal species (Aspergillus flavus, Aspergillus niger, Candida albicans, Geotrichum candidum, Scopulariopsis brevicaulis and Trichophyton rubrum, reference is clotrimazole) using the filter paper disc method. As fungicide there is no activity of the tested compounds except compound 3a which showed activity against Candida albicans and Geotrichum candidum, (8 mm inhibition zone for both), and compound 5k against Candida albicans with 10 mm as inhibition zone. The antibacterial activity, as expressed by the growth of the inhibition zones of the tested microorganism, are summarized in Table 1 . It is obvious that, as bactericides all the tested compounds showed activity against Serratia marcescens, and most of them showed activity against the rest of bacteria.
Experimental Section
Melting points are uncorrected and were measured on a Gallenkamp apparatus. IR spectra were recorded on a PyeUnicam SP3-100 spectrophotometer using KBr discs. 1 H and 13 C NMR spectra were recorded on a Bruker AMX 250 spectrometer. MS spectra were measured on a Jeol JMS-600 mass spectrometer. Elemental analyses were determined using a Perkin-Elmer 240C microanalyzer. 
2-Benzylidene-cyanothioacetamide (1)
This compound was synthesized according to a literature procedure [21] . -5,6,7,8-tetrahydro [1, 6] 
3-Cyano-6-methyl-4-phenyl

Reaction of 3a -d with different organyl chlorides. Formation of 4a -p; general procedure
A mixture of 3a -d (0.01 mol) and the organic chloride (0.01 mol) in ethanol (30 mL) in the presence of anhydrous sodium acetate (2 g) was refluxed for 1 h, then cooled. The solid product was filtered off, washed with water and air dried. The physical properties and spectroscopic data are summarized in Table 2 . [2,3-b] pyridine derivatives 5a -n; general procedure To a solution of 4a -p (0.01 mol) in absolute ethanol (20 mL) were added a few drops of ethanolic sodium ethoxide, and the mixture was heated for 30 min. The solid product was filtered off and recrystallized from the appropriate solvent. The physical properties and spectral data are summarized in Table 2 .
Cyclization of compounds 4a -p. Formation of thieno
3-Amino-6-methyl-4-phenyl-5,6,7,8-tetrahydrothieno[2,3-b] [1,6]naphthyridine-2-carbohydrazide (6)
A mixture of the ester derivative 5e (3.67 g, 0.01 mol) and hydrazine hydrate (2 mL, 0.04 mol) in ethanol (30 mL) was heated under reflux for 5 h, then cooled. The solid product was filtered off and recrystallized from ethanol to give yellow crystals of 6. 11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3- 
3-Diacetylamino-2,9-dimethyl-
b][1,6]-naphthyridin-4-one (8)
A sample of compound 6 (1.06 g, 3 mmol) in acetic anhydride (10 mL) was heated under reflux for 3 h. The solvent was removed under reduced pressure, and the residue was triturated with cold ethanol. The solid product was collected and recrystallized from ethanol to give buff crystals of 8. -5,6,7,8-tetrahydrothieno [2,3-b] [1, 6] naphthyridine (9) A mixture of the carbohydrazide 6 (760 mg, 2 mmol) and carbon disulfide (4 mL) in pyridine (10 mL) was heated for 24 h on a steam bath. The solid product was collected, washed with ethanol and recrystallized from dioxane to give orange crystals of 9. -5,6,7,8-tetrahydrothieno [2,3-b] [1, 6] naphthyridine (10) A mixture of the mercapto derivative 9 (390 mg, 1 mmol), ethyl chloroacetate (0.12 mL, 1 mmol) and fused sodium acetate (2 g) in ethanol (30 mL) was heated under reflux for 3 h then cooled. The solid product was filtered off, washed with water and recrystallized from ethanol to give yellow crystals of 10. -11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] 
3-Amino-6-methyl-4-phenyl-2-(5-mercapto-1,3,4-oxadiazol-2-yl)
3-Amino-6-methyl-4-phenyl-2-(5-ethoxycarbonylmethylthio-1,3,4-oxadiazol-2-yl)
2,9-Dimethyl
naphthyridine-4(3H)-one (11)
A mixture of 5h (680 mg, 2 mmol) in acetic anhydride (20 mL) was refluxed for 5 h, the solvent was removed under reduced pressure, and the brown residue was triturated with ethanol. The solid product was collected and recrystallized from dioxane to give yellow crystals of 11. 11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] naphthyridine (12) A mixture of the pyrimidinone derivative 11 (720 mg, 2 mmol) in phosphorus oxychloride (15 mL) was refluxed for 4 h, then cooled. The reaction mixture was poured into an ice/water mixture and neutralized with Na 2 CO 3 . The solid product was collected by filtration and recrystallized from ethanol to afford compound 12 as pale yellow crystals. 
4-Chloro-2,9-dimethyl-
9-Methyl-4-oxo-11-phenyl-1,2,3,4,7,8,9,10-octahydropyrimido[4 ,5 :4,5]thieno[2,3-b][1,6]-naphthyridine-2-thione (13)
A sample of 5h (680 mg, 2 mmol) and carbon disulfide (5 mL) in pyridine (15 mL) was heated on a water bath until the evolution of hydrogen sulfide ceased, then cooled. The solid product was filtered off, washed several times with ethanol and recrystallized from dioxane to afford orange crystals of 13. 
2-Benzoylmethylthio-9-methyl-11-phenyl-7,8,9,10-tetrahydropyrimido[4 ,5 :4,5]thieno[2,3-b][1,6]-naphthyridine-4(3H)-one (14a) and 9-methyl-2-(4 -methoxyphenylaminocarbonylmethylthio)-11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5]-thieno[2,3-b][1,6]naphthyridine-4(3H)-one (14b)
A mixture of the pyrimidinethione derivative 13 (380 mg, 1 mmol), phenacyl bromide or 4-methoxy-chloroacetanilide (1 mmol) and fused sodium acetate (2 g) in ethanol (50 mL) was refluxed for 2 h. On cooling, the precipitated solid was collected, washed with water and recrystallized from ethanol to give 14a and 14b, respectively. -11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] 
9-Methyl
naphthyridine-4(3H)-one (15)
To a mixture of 5h (1.7 g, 5 mmol) and triethyl orthoformate (10 mL), a few drops of acetic acid were added. The reaction mixture was heated under reflux for 2 h. The solid product separated from the hot mixture was collected and recrystallized from dioxane to afford 15 as pale yellow crys- [4 ,5 :4,5] thieno [2,3-b] [1, 6] naphthyridine (16) A mixture of the pyrimidinone derivative 15 (1 g, 3 mmol) in phosphorus oxychloride (15 mL) was refluxed for 4 h, then cooled. The reaction mixture was poured into an ice/water mixture and neutralized with Na 2 CO 3 . The solid product was collected by filtration and recrystallized from dioxane to afford 16 as pale yellow crystals. -M. p. 186 • C. -Yield 600 mg (55 %). -11-phenyl-7,8,9,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] 
4-Chloro-9-methyl-11-phenyl-7,8,9,10-tetrahydropyrimido
9-Methyl
naphthyridine-4(3H)-thione (17)
A mixture of the chloro compound 16 (370 mg, 1 mmol) and thiourea (100 mg, 1.3 mmol) in dry ethanol (50 mL) was heated under reflux for 12 h. The solid product was filtered off, washed with water and recrystallized from dioxane to afford yellow crystals of 17. Benzoylmethylthio-9-methyl-11-phenyl-7,8,9 ,10-tetrahydropyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] naphthyridine (18) A mixture of compound 17 (360 mg,1 mmol), phenacyl bromide (200 mg, 1 mmol) and anhydrous potassium carbonate (2 g) in ethanol (50 mL) was refluxed for 1 h, then filtered while hot. The solid product was collected, washed with cold water and recrystallized from ethanol to form yellow crystals of 18. [4 ,5 :4,5] thieno [2,3-b] [1, 6] naphthyridine (19) A mixture of the chloro derivative 16 (1.1 g, 3 mmol) and hydrazine hydrate (0.3 mL, 6 mmol) in ethanol (50 mL) was refluxed for 30 min. The precipitate which separated from the hot mixture was filtered off and recrystallized from dioxane to form yellow crystals of 19. -7-phenyl-8,9,10,11-tetrahydro [1, 2, 4] triazolo [4 ,3 :1 ,6 ']pyrimido [4 ,5 :4,5] thieno [2,3-b] [1, 6] naphthyridine (20) A mixture of 19 (360 mg, 1 mmol) and triethyl orthoformate (10 mL) containing a few drops of acetic acid was refluxed for 3 h. The solid product was filtered off and recrystallized from acetic acid to afford buff crystals of 20. -M. p. 251 • C. -Yield 190 mg (52 %). -The IR (KBr) spectra re- Table 2 . Physical and spectral data for compounds 4a -p and 5a -n. 
4-
4-Hydrazino-9-methyl-11-phenyl-7,8,9,10-tetrahydropyrimido
9-Methyl
